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Recently Nagarajan et al. found a new type of chemically driven insulator-metal transition in non-stoichiometric 
gallium oxide films (GaOx) [1]. Leichtweiß et al. [2] showed a similar behavior for non-stoichiometric titania 
(TiO1.6) films. Both oxides disproportionate during heating and relax into the thermodynamically stable phases. A 
similar approach has been applied to ternary oxides like ITO [3]. Davila et al. produced a nanocomposite and 
highly oxygen deficient ITO film. Due to its non-stoichiometry the thin film separates directly into a stoichiometric 
matrix (In1.8Sn0.2O3) which contains metallic clusters (In1.8Sn0.2). This can be explained by the absence of stable 
suboxides in the system In-Sn-O. 
Figure 1 highlights the general experimental approach: Depositing metastable and non-stoichiometric oxide thin 
films followed by a heating step makes it possible to study the reaction pathways during relaxation into the 
thermodynamically stable state by various in and ex situ techniques. 
This figure can be expanded to ternary oxides thereby adding a third degree of freedom, namely the ratio of the 
two metal ions. Looking at the Ce-Ti-O system there have been 
reports on several ternary phases with variable valence states 
(CeTiO3 [4]/ Ce2TiO5, Ce2Ti2O7 and Ce4Ti9O24 [5]/ CeTiO4 [6] 
and CeTi2O6 [4]), but, to our knowledge, no phase diagram has 
been published. Most of the known phases were produced by 
solid-state reactions or sol-gel methods. Moreover there are 
some reports on thin films produced by sputter deposition but 
none on films prepared by PLD. Applications of these materials 
reach from (photo-) catalysis to storage materials e.g. as 
cathode in lithium electrochromic devices. Here, we report on 
first results on mixed ceria-titania thin films prepared by 
crossed-beam pulsed laser deposition (CB-PLD).      This 
technique allows the simultaneous ablation of two target 
materials with one laser. Deposition parameters such as the 
energy/fluence of the laser and the target-substrate distance 
are adjustable for each target. Furthermore, the relative 
positioning of the targets can have an impact on the resulting 
films. Moreover, the atmosphere (O2, N2, Ar, H2) and 
background pressure can be adjusted. 
First experiments show that it is not trivial to produce 
amorphous and non-stoichiometric thin films when starting with 
both oxides as target material. Ceria, for example, crystallizes 
already at room temperature if deposited by PLD.  More 
promising is the ablation of titanium metal and ceria targets in argon, which results in the desired amorphous 
thin films. This material shows semiconducting behavior up to 300 °C. At higher temperatures a reaction seems 
to be taking place, since the conductivity changes not linear with increasing temperature. 
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Figure 1:  schematic diagram of the Gibbs 
energy (G) as a function of the composition 
 
